Abstract Prostate cancer is the most frequently diagnosed malignancy in men. However, African American/ Black men are 60 % more likely to be diagnosed with and 2.4 times more likely to die from prostate cancer, compared to Non-Hispanic White men. Despite the increased burden of this malignancy, no evidence-based recommendation regarding prostate cancer screening exists for the high-risk population. Moreover, in addition to screening and detection, African American men may constitute a prime population for chemoprevention. Early detection and chemoprevention may thus represent an integral part of prostate cancer control in this population. Importantly, recent research has elucidated biological differences in the prostate tumors of African American compared to European American men. The latter may enable a more favorable response in African American men to specific chemopreventive agents that target relevant signal transduction pathways. Based on this evolving evidence, the aims of this review are threefold. First, we aim to summarize the biological differences that were reported in the prostate tumors of African American and European American men. Second, we will review the single-and multi-target chemopreventive agents placing specific emphasis on the pathways implicated in prostate carcinogenesis. And lastly, we will discuss the most promising nutraceutical chemopreventive compounds. Our review underscores the promise of chemoprevention in prostate cancer control, as well as provides justification for further investment in this filed to ultimately reduce prostate cancer morbidity and mortality in this high-risk population of African American men.
Introduction
Prostate cancer (PCa) is the most frequently diagnosed malignancy in men with 241,740 new cases and 28,170 deaths reported in 2012 [1] . However, African American/ Black men (AAM) are 60 % more likely to be diagnosed with and 2.4 times more likely to die from PCa, compared to the Non-Hispanic White men (EAM) [2] . The etiology of increased susceptibility of AAM to PCa has not been elucidated, but is likely multifactorial involving genetic, biological, sociocultural, and lifestyle components [3, 4] .
Current PCa screening and treatment strategies are subjected to intense debate. While prostate-specific antigen (PSA) screening test has not been shown to significantly reduce either PCa-specific or overall mortality, it has been linked to substantial overtreatment of clinically insignificant, potentially indolent tumors [5, 6] . Taking into consideration all the evidence accumulated to date, the US preventive services task force (USPSTF) recommended against PSA-based PCa screening in asymptomatic men (grade D recommendation) [7] . However, USPSTF acknowledges that ''no firm conclusions can be made about the balance of benefits and harms of PSA-based screening'' in AAM due to ''the absence of data that support a more favorable balance of risks and benefits.'' In fact, the two major PCa screening trials [US PLCO (Prostate, Lung, Colorectal, and Ovarian)] Cancer Screening Trial [6] and the ERSPC (European Randomized Study of Screening for Prostate Cancer) [8] included mainly men of European descent (4.5 % AAM in PLCO; even less than that in ERSPC), thus largely precluding meaningful conclusions in men of African descent. Hence, no evidencebased recommendation regarding PCa screening exists for the high-risk population of AAM at this time.
Given the aforementioned uncertainty in screening and early detection, alternative PCa control measures specific and effective for the high-risk population of AAM are urgently needed. As such, chemopreventive strategies deserve attention. Importantly, recent research has elucidated biological differences in the prostate tumors of AAM and EAM; these differences may make AAM even more susceptible to chemopreventive interventions using compounds, that have been shown to specifically target those pathways. Hence, in this manuscript, our aims are threefold. First, we aim to summarize the biological differences that were reported in the prostate tumors of AAM and EAM. Second, we will briefly review the single-target (pharmaceutical) prostate cancer chemopreventive compounds placing specific emphasis on targeting the aforementioned pathways. And lastly, we will discuss the most promising, in our opinion, group of multi-target nutraceutical chemopreventive compounds. Our review manuscript may be of interest to the specialists (including researchers, clinicians, and nutritionists) as well as the community (including consumer advocates, survivors, and general public). The current review underscores the promise of chemopreventive intervention in PCa control in the highrisk populations, as well as urges the cancer community to invest additional effort to further evaluate its public health benefits for the racially and ethnically diverse population of the United States.
Biological (functional) differences in prostate tumors of AAM and EAM
In this section, we discuss the biological differences reported in the prostate tumors derived from AAM and EAM. To keep our manuscript tailored toward the evidence-based chemoprevention strategies, we will only include the functional differences (such as altered protein expression) that may mediate differential tumor response to chemoprevention. The role of either genetic variation [such as single nucleotide polymorphisms or SNPs, and germline and tumor mutations] or organism-based changes (such as altered hormonal expression) in PCa risk and progression, although important, is beyond the scope of this review. The general schematic of the broad molecular mechanisms that may be involved in the increased PCa aggressiveness in men of African descent is shown in the Fig. 1 . The authors would like to note that at this time, the evidence presented is still in its hypothesis-building stage. The published studies are largely sporadic, involving small sample sizes and/or limited number of genes and/or proteins studied. Nonetheless, this evidence may open new promising venues for PCa health disparity resolution. The authors hope that review of the available data will facilitate future research in this important public health topic.
Increased tumor proliferation
Prostate tumors derived from AAM were reported to overexpress several signaling receptors that may mediate increased and uncontrollable cell proliferation. Shuch et al. [9] observed that epidermal growth factor receptor (EGFR) overexpression was significantly higher in AA versus EA prostate tumors (45 % AA vs. 18 % EA; p = 0.0006). Additionally, greater EGFR expression correlated with poorer prognostic characteristics such as higher Gleason score at diagnosis. EGFR is a membrane receptor that mediates cancer proliferation and progression by activating the extracellular signal-regulated kinase (ERK), phosphatidylinositol 3-kinase (PI3K) and Janus kinase/signal transducer, and activator of transcription (Jack/Stat) pathways [10] . On the functional level, overexpressed EGFR enables proliferation and metastasis, helps avoid cell cycle arrest, and may confer chemo-and radio-resistance [11] . It is thus biologically plausible that prostate tumors originating from AAM tend to progress more rapidly and/or resist treatment more aggressively due to overexpressed EGFR. Interestingly, this feature may also enable better response of AAM to select compounds currently investigated for PCa prevention. Gaston et al. [12] have found that androgen receptor (AR) protein expression was 22 % higher in the benign prostate tissue and 81 % higher in the PCa of AA compared to EA men. In addition, malignant nuclei were 27 % more likely to immunostain for AR in AA vs. EA men. The authors hypothesized that PCa may occur at a younger age and progress more rapidly in AAM compared to EAM due to racial differences in androgenic stimulation of the prostate. In concordance with these data, Kim et al. [13] have reported that, in the multivariate models, AR expression was significantly higher in PCa samples obtained from AAM (p = 0.006). Similar finding was reported by OlapadeOlaopa et al. [14] who found that although AR expression was similar in a normal prostate tissue, AA PCa epithelium demonstrated significantly higher AR density (p B 0.0001). AR is a cytoplasmic receptor that can be activated by an array of hormones (androgens, corticosteroids, and growth factors among others) [15] . AR-mediated pathway is thought to be largely responsible for growth and proliferation of prostate cells; thus, its aberrant activation may support PCa growth [16, 17] . AR-mediated signaling may enable proliferation of both an early (androgen sensitive) and later (androgen refractory) PCa [16] . Interestingly, AR expression may increase in response to low androgen levels in men that undergo androgen ablation for advanced PCa [18] ; however, the reviewed studies [12] [13] [14] were performed using the specimens from men with unaltered androgen levels. Since there is generally no difference in the androgen levels in AA and EA men [19, 20] , it appears plausible that overexpressed AR in AAM indeed mediates more aggressive PCa proliferation and is not due to the hormonal differences. This feature may potentially be exploited for targeted PCa chemoprevention in AAM; however, additional research is needed to link the increased AR and EGFR expression in AAM to clinical indicators of aggressive disease, such as higher rates of relapse and/or worse survival.
Altered apoptosis
In a healthy organism, apoptotic stimuli are tightly balanced with the proliferation stimuli, hence maintaining a steady state between the two. Conversely, tumor cells develop various strategies to suppress or evade apoptosis [21] . In this venue, deVere White et al. [22] have reported that localized prostate tumors obtained from AAM were significantly more likely to immunostain for an antiapoptotic protein B cell lymphoma 2 (bcl-2), suggesting that perhaps higher bcl-2 expression may enable decreased apoptosis and higher tumor proliferation in AAM.
Interestingly, Guo et al. [23] have found that apoptosis in PCa cells was significantly higher in AA compared to EA men (11.6 vs. 4.2 %, p \ 0.001). The authors also report that antiapoptotic protein bcl-2 was detected at significantly higher levels in tumors from EA than AA patients (40.8 vs. 31.6 %, p \ 0.05). Because there was no difference in the proliferation rates between the two races (as measured by the antigen Ki-67 expression), the authors hypothesized that higher apoptosis indices may be indicative of a more biologically aggressive prostate tumor behavior in AAM. While the sample size in both studies was relatively small, these reports provide preliminary evidence in support of the biological differences in the apoptotic mechanisms observed in the AAM and EAM. Additional research is required to elucidate these mechanisms, as well as determine the usefulness of these data for PCa chemoprevention.
Increased tumor metastasis capacity
Wallace et al. [24] reported that several metastasis (AMFR, CXCR4, CCR7, and MMP9)-related genes are differentially expressed in prostate tumors obtained from AA and EA men. Autocrine motility factor receptor, isoform 2 (AMFR), is a tumor motility-stimulating protein secreted by tumor cells. While it has not been studied in PCa specifically, AMFR is overexpressed in human breast cancer and is negatively associated with patients' clinical outcome [25] . C-X-C chemokine receptor type 4 (CXCR4)-related pathway had been shown to facilitate the ability of PCa cells (and perhaps, other cancers as well) to spread, and ''home'' to bone [26] . C-C chemokine receptor type 7 (CCR7) is a member of the G protein-coupled receptor family that has been shown to play a role in lymph node metastasis [27] . There is some evidence that CCR7 expression in patients with PCa predicts metastases to lymph nodes [28] ; however, the exact role of CCR7 in PCa in general and the racial disparity in particular remains to be elucidated. Finally, matrix metallopeptidase 9 (MMP-9) takes part in the breakdown and remodeling of extracellular matrix and is thus linked to PCa invasion and metastasis [29] . Kim et al. [13] reported that Ki67 was expressed significantly higher (p = 0.02) in the AA malignant prostate tissues, (compared to EA), and the difference attained statistical significance (p = 0.007) even in the multivariate analysis. Antigen Ki-67 is a nuclear protein that is strictly associated with, and may be necessary for cellular proliferation [30] . Yang et al. [31] have reported that moderately differentiated PCa tumors from AAM were more likely to immunostain for caveolin-1 (Cav-1) (39 and 17 % in AA and EA patients, respectively, p = 0.0048). The authors have connected overexpression of Cav-1 to an early or accelerated seeding of prostate tumor cells into the blood or lymph circulation, thus possibly enabling rapid metastatic spread in AAM. Rosen et al. [32] have reported significantly higher proportion of the ETS-related gene (ERG) positive prostate tumors in EA, compared to AA men (41.9 vs. 23.9 %, respectively, p \ 0.0001). In addition, the authors noted that in AAM, the higher grade tumors were predominantly ERG-negative. The authors suggested that the observed results may indicate biological differences in the AA and EA prostate tumors and hypothesized that higher proportion of AA-derived prostate tumors (those that are ERG-negative) ''use distinct genetic mechanisms for progression.'' These data support the hypothesis that PCa may be biologically more aggressive in AAM that leads to increased tumor proliferation and metastasis capacity, specifically toward the two most common ''homes'' for PCa metastasis-bone and lymph nodes. Identifying specific agents that target these pathways may provide an opportunity to evaluate novel agents for PCa chemoprevention in men of African descent. However, these data remain to be confirmed in the larger preclinical studies before it can be considered for clinical applications.
Reduced expression of tumor suppressor genes
Reams et al. [33] observed that the transcription elongation factor A-like 7 (TCEAL 7) expression in PCa tumor and normal tissue was higher in EA compared to AA men. The TCEAL7 gene modulates transcription in a promoter context-dependent manner. Since TCEAL 7 expression was shown to inhibit ovarian cancer cell lines growth [34] , the authors speculate that increased expression of TCEAL 7 may correlate with increased suppression of PCa in EAM, but decreased prostate tumor suppression in AAM.
Summary of the section biological (functional) differences in prostate tumors of AAM and EAM Taken together, these data suggest that there may be functional biological differences in the prostate tumors of AAM that may predispose them to a biologically more aggressive malignancy ( Fig. 1) . At the same time, these data provide first provocative clues that AAM may be differentially (possibly even better) responsive to PCa chemopreventive intervention. While the data look promising, additional research is urgently needed to comprehensively elucidate and/or confirm the biological tumor differences, link them to the clinical indicators of disease aggressiveness, and explore their utility for PCa control in the exceptionally high-risk population of AAM.
PCa chemoprevention in AAM
Because of the present uncertainty with PCa screening and early detection strategies, especially in the high-risk populations such as AAM, alternative management strategies are needed. Importantly, PCa is an ideal malignancy from the chemoprevention point of view due to the high incidence, existence of well-defined premalignant lesions, as well as a generally prolonged localized stage [35, 36] . In this chapter, we will discuss the most promising singletarget (pharmaceutical) and multi-target (nutraceutical) chemopreventive compounds that have been studied for PCa chemoprevention. We will focus on the pathways that are being targeted, and will relate that information to the biological differences reported in the prostate tumors of AAM.
Single-target (pharmaceutical) PCa chemopreventive agents 5-alpha-reductase inhibitors are a class of synthetic antiandrogens that prevent the conversion of testosterone (T) into dihydrotestosterone (DHT) (androgen-dependent pathway) [37] . Only a small fraction of the total T (\5 %) is converted into DHT; however, since DHT is several times more potent towards AR, it produces significant increase in prostate growth and proliferation [38] . It has thus been hypothesized that 5-alpha-reductase blockade may prevent PCa and/or delay its progression. Two 5-alpha-reductase inhibitors have been studied for PCa prevention: finasteride and dutasteride. While the drugs have been shown to reduce the total PCa incidence by approximately 24-30 %, this reduction is largely due to decrease in the incidence of low-grade, potentially insignificant cancers [39, 40] . However, both drugs appear to significantly increase the risk for high-grade, potentially fatal PCa [Gleason score 8-10; odds ratios (ORs) are 1.7 for finasteride and 2.06 for dutasteride] [39, 40] . We note, however, that because casual and non-causal explanations for this association have been postulated [41, 42] , significant uncertainty on this subject remains, calling for additional investigations. In addition, 5-alpha-reductase inhibitors are known to produce significant adverse side effects (some of which may persist after cessation of therapy), including sexual dysfunction, reduction or loss of libido, gynecomastia, and depression [43] . Because of the aforementioned reasons, the US Food and Drug Administration (FDA) does not recommend 5-alpha-reductase inhibitors for PCa prevention, and warns about the ''increased risk of being diagnosed with a more serious form of PCa (high-grade PCa)'' [44] . Of note, PCa chemopreventive trials did not include enough AAM to conduct separate analyses for that racial group. However, a study [45] concluded that when dutasteride was used for the treatment of benign prostate hyperplasia (BPH), the efficacy and safety profiles were similar in AA and EA men. Hence, although it is conceivable that 5-alpha-reductase inhibitors may be differentially active in AAM due to an overactive ARmediated pathway, at this time there is not enough evidence to support this claim. Thus, additional studies involving sufficient numbers of AA participants are required to establish the effectiveness of 5-alpha-reductase inhibitors for PCa chemoprevention in AAM.
Statins are a class of drugs prescribed to lower the blood cholesterol levels and prevent the cardiovascular disease [46] . Epidemiological studies linked statins to a slightly albeit significantly reduced overall PCa incidence, with the marked reduction in the fatal, high-grade disease (ORs of 0.69 for total and 0.4 for high-grade PCa) [47] . Brown et al. [48] reported that statins reduce the ability of PCa cells to migrate and invade especially toward the bone marrow. This finding may be especially relevant to AAM since their PCa tends to demonstrate increased invasive capacities through mechanisms that are not fully understood. We note that the data on the PCa chemopreventive effectiveness of statins in AAM specifically are missing. In addition, statins' use is associated with significant side effects, including myalgia and liver dysfunction, and the risk of any adverse event in the statin users was found to be elevated by 39 % compared to a placebo group [49] . Thus, the safety concerns significantly hamper the enthusiasm of testing statins for PCa prevention in otherwise healthy, high-risk populations.
Metformin is a popular oral antidiabetic drug that was shown to prevent cardiovascular events without causing weight gain [50] . It is widely used and is effective for the management of other diseases associated with insulin resistance, such as polycystic ovarian syndrome (PCOS) [51] . From the point of cancer prevention, metformin can be viewed as a ''hybrid'' drug. Not only it lowers the concentration of potential cancer ''ligands'' (such as glucose and insulin), but also acts within the cell suppressing the AMPK/mTOR/p70S6K1 pathway [52] , including specifically in PCa cell lines [53] . More recently, IGFR-and p53-mediated mechanisms of its anticancer action were reported [54] . Sparse epidemiological studies on metformin use and PCa risk have not been consistent. One study linked metformin use to a 44 % decrease in PCa risk in EA, but not in AA men [55] ; however, another study did not confirm the reduction in PCa risk in EA diabetics who took metformin [56] . The authors cautioned that the interplay between diabetes, obesity, metformin use, and PCa has to be studied first before any conclusions can be made. Although metformin appears to be a relatively safe drug, its use has been linked to the gastrointestinal (GI) adverse events [57] . In addition, metformin (as well as any other antihyperglycemic drug) may be associated with increased lactic acidosis rates, although a comprehensive meta-analysis did not support this association [58] . Metformin is contraindicated for individuals with known liver, kidney, or lung diseases which further limits its use in the aging non-diabetic population. Hence, at this time, the longterm health effects of metformin must be studied more rigorously before it can be recommended for cancer prevention in AA or EA populations.
Non-steroidal antiinflammatory drugs (NSAIDs): Epidemiological studies have linked regular NSAIDs use to a significantly reduced PCa incidence (an average reduction of 10-40 % dependent on the type of NSAID, duration, and frequency of use) [59] [60] [61] [62] [63] . Interestingly, regular (at least 3 days a week) aspirin use for extended periods of time (1 year or longer) was associated with significantly reduced PCa risk in large prospective cohort studies [64] [65] [66] . A statistically significant protective association was observed in regular users who were of African and European descent with the magnitudes of association in the range of 0.75-0.9 (controlling for age, race, stage, and the duration and frequency of use, and in some studies, for certain conditions such as heart disease) and was seen even at the doses as low as 75 mg a day [65] . In vitro evidence suggests that NSAIDs exert the antiproliferative effect on PCa cells by inhibiting the cyclooxygenase (COX)-2 enzyme, as COX-2 up-regulation was linked to increased proliferation and angiogenesis [67] . Of note, prostate has high levels of COX-2 mRNA expression, with additional 3-4 times increase in malignant, compared to normal prostate tissue [64] . There is also evidence that NSAIDs may inhibit transcription of the AR and PSA genes [62] , although this observation needs further investigation. Despite their promise as chemopreventive agents, NSAIDs cannot be recommended for cancer prevention due to serious and potentially fatal side effects such as GI bleeding, renal failure, and hepatotoxicity with overdose [68] .
Summary of the section single-target (pharmaceutical) PCa chemopreventive agents: In summary, although select single-agent pharmaceuticals demonstrate significant PCa preventive properties, the studies aimed to research the benefits of those compounds in AAM are missing. Using the published indirect evidence, the authors of this review hypothesize that some pharmaceuticals demonstrate a potential to be more (such as statins) or less (such as metformin) beneficial in the highrisk population of AAM. However, verification of this hypothesis will require thoroughly designed and wellpowered studies. Unfortunately, anticancer properties of those agents are accompanied by toxicities that significantly limit their applicability for cancer prevention in healthy populations. At this time, additional research on the long-term adverse side effects and the balance of risks and benefits is needed to consider one or more of the aforementioned single-agent pharmaceuticals for cancer prevention in general, or specifically in the high-risk population of AAM.
Multiple-target (nutraceutical) PCa chemopreventive agents
Because of the significant toxicity observed with the use of single-target pharmaceutical compounds, scientific community is increasingly turning toward the multiple-target (nutraceutical) agents for cancer prevention. These promising compounds were shown to exert their antitumor properties by lightly modulating an umbrella of cellular pathways, rather than heavily influencing one pathway as is usually the case with pharmaceutical compounds. Because of this, nutraceuticals have fewer side effects and are generally well tolerated by healthy individuals [69] . In this section, we will review the most studied nutraceutical compounds currently being investigated for PCa prevention, focusing our attention on the potential benefits of the latter specifically in AAM.
Green tea catechins (GTCs) have been extensively studied for their potential beneficial health-related properties in cardiovascular [70] , digestive [71] , cognitive [72] and other [73] systems, and anticancerous properties against select human malignancies [74] . GTCs are among the most extensively studied nutraceutical chemopreventive compound for PCa. At this time, FDA states that ''Green tea may reduce the risk of breast or prostate cancer, which the FDA has concluded that there is very little scientific evidence for this claim'' [75] . Despite the known issues with GTCs administration, standardization and bioavailability [76] , there are numerous documented beneficial effects of GTCs on PCa both in vitro and in vivo. We recommend the following detailed reviews for the in-depth description of the action of GTCs in PCa [76] [77] [78] . In relevance to our chosen mechanisms (Fig. 1 ), GTCs were reported to exert the following select actions on PCa cells:
1. Reduce AR-mediated proliferation by inhibiting both the AR expression and transcriptional activity, and the 5a-reductase activity; 2. Increase apoptosis by reducing bcl-2 expression; 3. Reduce invasiveness and metastasis by inhibiting MMP9 expression and activity.
Importantly, GTCs are generally well tolerated with only a few minor side effects, including GI upset, bloating, and jitteriness that appear to be caffeine-related [79, 80] . The majority of authors agree that, for generally healthy individuals, it was safe to take GTCs in the doses equivalent to 6 cups of green tea a day and up to 6 months. Unfortunately, despite the increased promise for effectiveness in AAM and plethora of completed research, the authors could not find any studies in AAM. Hence, we conclude that at this time, the aforementioned studies are highly warranted.
Isoflavones are phytoestrogens found in the soy beans. Select soy isoflavones (namely genistein and daidzein) have weak estrogenic properties [81] and thus have been reported to exert antiproliferative effects on PCa due to suppression of AR-signaling pathways [82] [83] [84] [85] . Indeed, consumption of soy food appears to be associated with a 30 % reduction in PCa risk in the epidemiological studies, which were primarily conducted in populations with diets traditionally high in soy [86] . Additionally, soy isoflavones supplementation (Novasoy Ò ) was shown to either stabilize, or slow down the rising PSA in a multiracial cohort of untreated men diagnosed with PCa (a watchful waiting cohort), or those who have progressed following definitive treatment [87] . Soy isoflavones have reduced the side effects of radiation treatment for localized PCa, such as bowel and urinary problems and pain, resulting in the increased quality of life [88] . Soy isoflavones are known to influence multiple cellular pathways leading to aforementioned anticancerous effects; the authors recommend the following comprehensive review for detailed description of action of soy isoflavones on PCa [89] . Because down-regulating the ARmediated proliferation is thought to be one of the main mechanisms by which soy isoflavones exert its PCa chemopreventive action [82] [83] [84] [85] , it appears biologically plausible that AAM would have a different (and better) response to the intervention using this compound. Although no published data are available on soy isoflavones effectiveness specifically in AAM, there is a currently active phase II clinical trial of purified isoflavones in PCa (NCT01036321, Kumar P.I.), that aims to compare its safety and effectiveness in AA and EA men. We hope that this timely chemopreventive trial would provide new insights on the action of purified soy isoflavones in AAM and EAM.
Available clinical data suggest that purified soy isoflavones are generally safe when consumed as food; however, when taken in higher concentrations as a supplement, they may produce thyroid toxicity, certain undesirable nutritional effects such as reduced iron adsorption [90] and estrogen-related effects such as reduced testosterone in men. However, these adverse events are very rare. A comprehensive meta-analysis suggests that there is no effect of soy isoflavones consumption on an array of reproductive hormones in healthy men [91] , as well as no genotoxicity was observed in 20 PCa patients treated with purified soy isoflavones [92] . Soy isoflavones are well tolerated in human clinical trials [91, 93] ; however, there are isolated reports of sexual dysfunction [94] and gynecomastia [95] in men followed heavy soy consumption. Although soy products and isoflavones are generally recognized as safe, further research into their efficacy in PCa prevention and treatment should continue.
Lycopene is a red-colored carotene with no recognized vitamin A activity and a potent antioxidant, found in certain red-colored vegetables and fruits, such as tomatoes (the main dietary source for the most people), red peppers, and watermelon [96] . Numerous epidemiological, in vitro, in vivo, and human studies offered mixed and inconclusive results [97] on the health benefits of lycopene. In response to a petition initiated by a company that intended to sell lycopene supplements, FDA issued the following statement: ''Very limited and preliminary scientific research suggests that eating one-half to one cup of tomatoes and/or tomato sauce a week may reduce the risk of PCa, which the FDA concludes that there is little scientific evidence supporting this claim'' [98] . Even then, FDA warns that the PCa preventive benefit may be associated ''with eating the whole tomatoes, perhaps because as yet undiscovered compounds (other than lycopene).'' Epidemiological studies of lycopene for PCa prevention face significant challenges and biases, including inaccurate dietary assessment and dose measurement, bioavailability and administration, inconsistent PSA-screening practices, and potential differences in the bioactivity and/or biological susceptibility to the compound among the subgroups of men [99] . Interestingly, the mechanistic effects of lycopene in prostate tissues have not been extensively studied (which, in our opinion, is surprising giving the high number of epidemiological studies involving this compound). Biological PCa protective mechanisms appear to be related either to the antioxidative and antiinflammatory [100, 101] or apoptosis-inducing properties, such as ability to induce G0/G1 cycle arrest, apoptosis, and delayed in vivo growth in different PCa cell lines [102] [103] [104] . Other mechanisms mediated by steroid hormones may also be involved [105] . Because PCa in AAM may demonstrate decreased apoptosis, lycopene might be more potent in men of African descent. Unfortunately, the number of AA participants in the major lycopene studies was small, thus precluding a meaningful subanalysis for that racial group. Smaller studies have shown that blood lycopene levels are generally lower in AA compared to EA men [106] , and that lycopene administration leads to increased plasma lycopene concentrations in AAM [107]; however, the value of the aforementioned observations for PCa prevention remains to be established. Although lycopene is generally well tolerated and is considered safe in either its natural or synthetic form [108, 109] , the evidence of benefits must be established more definitively before lycopene can be recommended for PCa prevention in healthy individuals.
Curcumin is a naturally occurring plant-derived phenol and a component of a popular Indian spice turmeric and a powerful antioxidant, that has been extensively studied because of its beneficial health effects including antimicrobial/antifungal [110, 111] , hepatoprotective [112] , neuroprotective [113] , cardioprotective [114] , antiinflammatory [115] , and anticancer properties [116] . Mechanistic effects of curcumin on PCa in vitro and in vivo are mainly antiproliferative (down-regulated AR, EGFR and cyclin D expression, inactivated NFkB) and proapoptotic (down-regulated bcl-xl, bcl-2, and surviving expression) [117] . Importantly, curcumin was shown to inhibit PCa growth (50 % inhibition) induce the caspasedependent apoptosis and reduce lung metastases by 89 % in vivo [118] . Taken together, this evidence indicates that curcumin exhibits robust multi-targeted anticancer activity against PCa, which is described in detail in the following comprehensive reviews [119] [120] [121] . In relevance to our selected mechanisms that may be more active in AAM (Fig. 1) , curcumin has the following effects:
1. Suppresses proliferation by inhibiting AR and EGFR signaling; 2. Promotes apoptosis by suppressing the bcl-2 expression; 3. Reduces invasiveness by suppressing MMPs expression and activation.
Curcumin is currently undergoing clinical trials in the prevention of colon (NCT00027495, Brenner P.I.) and colorectal (NCT00118989, Guerra P.I.) cancers. However, despite convincing and very encouraging preclinical data, chemopreventive clinical trials of curcumin in PCa are lacking. The authors are hopeful that future studies will fill this gap, directing specific effort on elucidating the action of curcumin in AAM.
Rare and mild curcumin side effects often manifest as a GI upset [122] , although there is a recent report that curcumin is an active iron chelator and as such may potentially lead to anemia in susceptible individuals [123] . While this aspect certainly warrants additional investigation, curcumin is generally considered safe even at the very high doses of up to 12 grams per day [122] .
Omega-3 fatty acids are polyunsaturated essential fats commonly found in seafood (such as fish and squid) and some plant oils (such as flaxseed oil), that has been investigated for prevention of cancers, including PCa [124] . Currently, there are 7 trials registered at www.clinicaltrials.gov that investigate the action of omega-3 fatty acid in PCa, and 66 studies-in all cancers combined. The reported mechanisms of omega-3 fatty acid anti-PCa action are suppressed AR-signaling and suppression of the Akt/mTOR pathway [125] and NF-kB-mediated signaling [126] -all of which may be especially relevant to PCa in AAM. However, comprehensive meta-analysis suggests that there is yet little evidence that omega-3 fatty acid is effective for cancer prevention [127] . Epidemiological and clinical studies aimed to tease out the effect of Omega-3 fatty acid on caner are subjected to numerous biases, such as difficulties to accurately collect and report the data on omega-3 fatty acid consumption, and account for other possible confounders such as total fat consumption [128] . One study [129] reported the plasma fatty acid profiles in AAM and native Nigerian men; the authors noted that although Nigerians demonstrated the overall higher plasma omega-3 fatty acid concentrations, these data did not appear to correlate with PCa risk. In agreement with this evidence, Williams et al. [130] have reported that increasing dietary ratio of omega-6/omega-3 fatty acids correlated with higher PCa risk among EAM (Ptrend = 0.05), but not AAM. Hence, although omega-3 fatty acid is safe and may provide other health benefits (unrelated to cancer prevention), such as cardiovascular health [131, 132] , at present the evidence of its effectiveness for PCa prevention in AAM or EAM appears to be weak. The authors are hopeful that future studies (including the currently active clinical trials) will provide insights on the chemopreventive action of omega-3 fatty acid in cancer.
Vitamin D constitutes a group of fat-soluble steroids that in mammals can either be ingested from a limited variety of foods (such as fatty fish, eggs, and mushrooms exposed to ultraviolet (UV) light) or synthesized from cholesterol under exposure to sunlight [133] . It was previously reported that vitamin D exhibits antiinflammatory action in the prostate, thus preventing and/or slowing down PCa progression [134] . However, the majority of studies do not support a casual association between PCa and vitamin D consumption and/or serum concentration overall [135] [136] [137] , as well as in specifically in AAM [138, 139] . Although AAM tend to have lower circulating vitamin D levels [140] , available data [135] [136] [137] [138] [139] largely do not support the hypothesis that vitamin D lowers PCa risk. However, the number of vitamin D studies involving AAM is small; thus, additional research is needed to reach a definitive conclusion in that particular population. Interestingly, a very recent study [141] supplemented men on active surveillance (diagnosed with low-grade PCa) with a daily dose of 4,000 IU vitamin D for 1 year. The authors reported that 55 % of men showed a decrease in the number of positive cores or decrease in Gleason score, and concluded that patients with low-risk PCa under active surveillance may benefit from vitamin D supplementation. Although the number of patients was small and there was no control group, this preliminary finding is intriguing and, in our opinion, deserves further investigation.
Of note, adequate vitamin D consumption has a number of other health benefits (unrelated to PCa risk) such as bone health [133] , and seems to be associated with slightly albeit significantly lower all-cause mortality [142] . As such, efforts should be taken to indentify and resolve the vitamin D deficiencies.
Dietary Calcium has been implicated in PCa risk; however, the directionality of the data is conflicting. Both positive [143] , negative [144] , and neutral [145, 146] associations were reported. Interestingly, even the studies involving predominantly AA participants have been conflicting. One recent study [146] has reported that AAM with poor adsorption of calcium were at the 60 % reduced PCa risk, compared to AAM who were the highest absorbers. Another study [144] reported that high dietary calcium intake was negatively associated with PCa, specifically in AAM (no association observed in EAM). Of note, both studies controlled for vitamin D intake and other major known confounders.
The underlying mechanistic pathways that can explain observed effects of calcium on PCa are unclear and may be related to the cellular calcium-dependent channel function [146] . Prostate cells, including malignant tissues, possess both the calcium-sensing receptor and calcium-dependent voltage-gated channels, which respond to an increase in calcium with an increase in proliferation and a decrease in apoptosis. More recent in vitro work with various PCa cell lines implicated Notch and Mapk signaling pathways [147, 148] . However, the exact mechanistic pathways remain to be elucidated. The authors are hopeful that better understanding of the calcium effects on functioning of prostate cells will explain the apparent discrepancy in the data as well as shed light on the role of dietary calcium in PCa etiology specifically in AAM.
Selenium and vitamin E have been investigated for PCa prevention in healthy multiethnic cohort of men in one of the largest chemopreventive trials ever undertaken (SELECT; NCT00006392). However, the trial was stopped early since neither selenium, nor vitamin E or a combination of the aforementioned compounds provided PCa preventive benefit [149] . While the retrospective analysis revealed design flaws that might have affected the results [150] , at present there is a consensus that the aforementioned compounds, in the formulations and doses used, do not prevent PCa in a multiethnic cohort of healthy men. Despite these findings, selenium and vitamin E remain attractive chemopreventive compounds. Specific limitations and future directions regarding each of these compounds are discussed below.
Selenium, administered in SELECT in the form of lselenomethionine for the purposes of standardization and safety [151] , was previously shown to reduce PCa incidence by 60 % in smaller trial named Nutritional Prevention of Cancer (NPC) study [152] . Notably, NPC used different forms of selenium (selenite and selenium-enriched baker's yeast) and was conducted in a population with lower baseline serum selenium levels. The antitumor action of selenium is thought to be mediated via selenoproteinsessential proteins that are synthesized using selenium. Similarly to other forms of selenium, selenomethionine was shown to provide selenium for selenoprotein biosynthesis [153] ; however, it can be diverted from that pathway into Table 1 The most studied PCa chemopreventive compounds with the summaries of their mechanisms of action, effectiveness in AAM and EAM, side effects, references, and the author's interpretation on the overall usefulness for men of African descent Compound general protein synthesis [154] , thus potentially minimizing or negating the antitumor benefits provided by l-selenomethionine. Subanalyses have revealed that antitumor effects of selenium supplementation are largely observed in persons who are deficient [155] , suggesting that the anticancerous benefit could be observed only in people with inadequate baseline selenium levels. In addition, polymorphic forms of selenoproteins in different individuals could affect cancer risk [156] . Given the complexity of selenium biology, genetics and environment interactions, improved understanding of selenium biology in humans is needed before a definitive conclusion on its role in carcinogenesis can be made. Vitamin E (limited in SELECT to a-tocopherol, the most studies and biologically potent form of vitamin E) decreased PCa incidence by 32 % in the Alpha-Tocopherol, BetaCarotene Cancer Prevention (ATBC) Study [157] . Additionally, vitamin E was shown to inhibit AR-mediated signaling in PCa cell lines [158] . Despite these exciting preliminary data, SELECT have demonstrated no benefit of Vitamin E supplementation for PCa prevention in a cohort of healthy diverse men. Notably, ATBC study involved current heavy (at least 5 cigarettes a day) smokers who have increased baseline oxidative stress levels [155] , whereas SELECT participants did not. There is also emerging evidence that tocotrienols (a less studied group of vitamin E forms) have potent anti-PCa properties in vitro [159] , raising concerns of whether the most appropriate vitamin E formulation was used in SELECT. Given the aforementioned considerations, it is imperative to obtain in-depth understanding of biology, pharmaco-kinetics, and gene-environment interactions of any chemopreventive compound before embarking on the extensive, time consuming, and costly human trials.
It is important to note that, although SELECT had one of the highest AAM participation rates (13 %) of any largescale cancer chemoprevention trial to date [151] , the number of AA participants was too small to reach statistical significance for any of the outcomes studied. Nonetheless, it appears that the outcomes for AAM were similar to those reported for all men combined [160] . Since either of the precursor trials (ATBC and NPC) included few AA participants, there are virtually no preclinical or clinical data on the effectiveness of Selenium or Vitamin E on PCa prevention in AAM. Given the attention these compounds have been receiving in the cancer prevention, the authors conclude that obtaining such data is highly warranted.
Conclusions
Evidence-based PCa control approaches offer significant promise to reduce the burden of cancer, especially in the The numbers denote a compound that was either shown, or has a potential to be: (1) more effective in AAM compared to EAM; (2) equally effective in AAM and EAM; (3) less effective in AAM compared to EAM; (4) no evidence-based conclusion can be made at this time high-risk populations. Currently there is a significant lack of clear and consistent PCa screening and early detection guidelines. A number of single-target pharmaceutical compounds show promise for PCa prevention; however, their use in healthy men is limited by the unacceptable toxicities. As opposite to the latter, multi-target nutraceuticals are viewed as safe and demonstrate broad anticancerous properties by affecting plethora of cellular antiproliferative and proapoptotic pathways. However, implementation of nutraceutical compounds for PCa prevention requires additional rigorous studies to establish their respective mechanism(s) of action, effective doses, safety profiles, and subset(s) of men that are likely to benefit of the proposed intervention. The latter is especially true for the high-risk populations such as AAM, since the evidence of efficacy and safety in that population is currently lacking for many compounds ( Table 1 ). The authors believe that further advancement in PCa chemoprevention cannot be possible without improved understanding of prostate tumor biology on the mechanistic levels and are optimistic about the future of PCa chemoprevention specifically in the high-risk populations.
